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ABSTRACT
Objectives: In Sub-Saharan Africa, the overlapping
epidemics of undernutrition and HIV infection affect
over 200 and 23 million people, respectively, and little
is known about the combined prevalence and
nutritional effects. The authors sought to determine
which structural factors are associated with food
insufﬁciency, low dietary diversity and low body mass
index (BMI) in HIV-negative and HIV-infected Sub-
Saharan women.
Study design: Cross-sectional analysis of
a longitudinal cohort.
Setting: Community-based women’s organisations.
Participants: 161 HIV-negative and 514 HIV-infected
Rwandan women.
Primary and secondary outcome
measures: Primary outcomes included food
insufﬁciency (reporting ‘usually not’ or ‘never’ to ‘Do
you have enough food?’), low household dietary
diversity (Household Dietary Diversity Score #3) and
BMI <18.5 (kg/m
2). The authors also measured
structural and behavioural factors including: income,
household size, literacy and alcohol use.
Results: Food insufﬁciency was prevalent (46%) as
was low dietary diversity (43%) and low BMI (15%).
Food insufﬁciency and dietary diversity were
associated with low income (adjusted odds ratio
(aOR)¼2.14 (95% CI 1.30 to 3.52) p<0.01),
(aOR¼6.51 (95% CI 3.66 to 11.57) p<0.001),
respectfully and illiteracy (aOR¼2.00 (95% CI 1.31 to
3.04) p<0.01), (aOR¼2.10 (95% CI 1.37 to 3.23)
p<0.001), respectfully and were not associated with
HIV infection. Alcohol use was strongly associated
with food insufﬁciency (aOR¼3.23 (95% CI 1.99 to
5.24) p<0.001). Low BMI was inversely associated
with HIV infection (aORz0.5) and was not correlated
with food insufﬁciency or dietary diversity.
Conclusions: Rwandan women experienced high rates
of food insufﬁciency and low dietary diversity. Extreme
poverty, illiteracy and alcohol use, not HIV infection
alone, may contribute to food insufﬁciency in Rwandan
women. Food insufﬁciency, dietary diversity and low
BMI do not correlate with one another; therefore, low
ARTICLE SUMMARY
Article focus
- What structural determinants are associated with
food insufﬁciency, low dietary diversity and low
BMI in HIV-negative and HIV-infected women in
Rwanda?
- What is the prevalence of food insufﬁciency, low
dietary diversity and low BMI in HIV-negative and
HIV-infected women in Rwanda and are these
outcomes correlated with each other?
- Hypotheses
1: Poverty, low literacy status and alcohol use are
associated with food insufﬁciency, low dietary
diversity and low BMI.
2: Food insufﬁciency, low dietary diversity and
low BMI are highly prevalent and are correlated
with one another.
Key messages
- Food insufﬁciency and low dietary diversity are
highly prevalent (46% and 43%, respectively) and
are associated with low income and illiteracy and
strongly associated with alcohol use.
- BMI (kg/m
2) is not correlated with food insufﬁ-
ciency or dietary diversity.
- Signiﬁcance: food insufﬁciency and low dietary
diversity, known contributors to poor health, are
highly prevalent in HIV-negative and HIV-infected
women in Rwanda. Low BMI may not be an
adequate screening tool for food insufﬁciency.
Extreme poverty, low literacy and alcohol use
may contribute to food insufﬁciency and low
dietary diversity. These structural factors may be
useful targets to prevent the adverse health
effects of food insufﬁciency and low dietary
diversity.
Strengths and limitations of this study
- Large cohort of HIV-negative and HIV-infected
women, very detailed tools used for food
insufﬁciency and dietary diversity
- Cross-sectional design, our measurement of
food insufﬁciency is solely by self-report.
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Open Access ResearchBMI may not be an adequate screening tool for food insufﬁciency.
Further studies are needed to understand the health effects of not
having enough food, low food diversity and low weight in both HIV-
negative and HIV-infected women.
INTRODUCTION
Undernutrition, deﬁned as the condition of people
whose food consumption is continuously below
a minimum dietary energy requirement for maintaining
healthy life, affects over 850 million people worldwide
and 200 million adults in Sub-Saharan Africa.
1e4 The
effects of the overlap between undernutrition and HIV
infection, which affects over 23 million in Sub-Saharan
Africa, are not well understood.
5 In both HIV-negative
and HIV-infected individuals, undernutrition, food
insufﬁciency and low dietary diversity are associated with
poor health.
5e8 Food insufﬁciency may be caused by
structural factors: social, political, economic structures
or institutions that affect people’s ability to control the
conditions of their lives and meet their basic needs.
Structural determinants of health include distribution of
wealth, power and goods, access to education and
schools, access to healthcare and housing and environ-
ment conditions. These structural determinants play
a major role in health inequities and greatly affect health
status.
9 But structural factors associated with food
insufﬁciency in Sub-Saharan women, and how such
factors may be addressed to mitigate food insufﬁciency
in the region is not well studied.
Food insufﬁciency (lack of adequate food to meet
daily needs) is one aspect of food insecurity, a complex
phenomenon describing lack of access to sufﬁcient
quantity and adequate quality of food, and anxiety in
procuring food.
2 Over half of all households in Rwanda
are thought to be food insecure, many of which are
headed by women.
10 Rwanda has a signiﬁcant number of
female-headed households (31%), partly due to the high
numbers of genocide-related widows, and 62% of
female-headed households live in poverty compared with
54% of male-headed households.
11 Especially in vulner-
able populations, such as HIV-infected women, gender
disparities may prevent women from having control of
family resources and the discretionary income necessary
for buying food.
12
In HIV-infected women, food insufﬁciency may result
in low body mass index (BMI), which adversely affects
health outcomes.
13 In addition, consuming fewer nutri-
tionally distinct food groups (low dietary diversity),
which contributes to poor health outcomes in African
women and children,
7 may reinforce malnutrition and
eventually result in poor health.
14 Many African diets
consist of a single dominant carbohydrate group, such as
cassava, potato or yam, which provides calories that may
maintain body weight but often does not provide the
micro and macronutrients needed for proper immune
function.
15
In HIV-infected individuals, food insecurity has been
associated with low CD4 counts, virologic failure and
increased mortality.
6 8 Low BMI (<18.5 kg/m
2)i s
a strong predictor for mortality in HIV-positive patients
starting antiretroviral therapy (ART), with higher
mortality in persons who are both food insecure and
underweight versus underweight but food secure.
8
Although poverty is associated with poor health
outcomes, income alone does not always reﬂect the
status of someone’s ‘wealth’. In populations with very
low incomes, markers for disposable or discretionary
income, deﬁned as income after all essential items are
paid for, may be more useful to deﬁne an individual’s
socioeconomic status. These may include access to
electricity and ability to buy non-essential items such as
alcohol. For women with HIV, it is unclear which struc-
tural factors most inﬂuence food insecurity and there-
fore have the greatest impact on health outcomes.
In order to understand structural determinants of
food insufﬁciency and elucidate potential interventions
to prevent food insufﬁciency and malnutrition in HIV-
negative and HIV-infected women, we examined the
prevalence and socio-demographic associations of food
insufﬁciency, household dietary diversity and low BMI in
such women in Rwanda. We were speciﬁcally interested
in the relationship between poverty, low literacy and
alcohol use on food insufﬁciency, dietary diversity and
low BMI. We further examined the relationship between
food insufﬁciency, low BMI and low dietary diversity and
whether these three outcomes were correlated with one
another in these women.
METHODS
Population and setting
The Rwanda Women’s Interassociation Study and
Assessment (described in detail elsewhere
16)i s
a prospective observational cohort designed to assess the
effectiveness and toxicity of ART in HIV-infected
Rwandan women. In 2005, 710 HIV-infected and 226
HIV-uninfected Rwandan women were recruited
through community-based women’s organisations and
HIV clinical care sites. Eligible women were 25 years or
older at study entry, willing to give informed consent and
were present in Rwanda during the genocide. HIV-
infected women were excluded if they had prior history
of receiving antiretroviral treatment, except single-dose
nevirapine to prevent mother to infant transmission of
HIV. Women were compensated 2500 Rwandan francs
for each visit. The Rwandan National Ethics Committee
and the Institutional Review Board at Monteﬁore
Medical Center approved this study.
At each study visit, participants provided historical
information. Trained research assistants collected socio-
demographic data at study entry including age, income,
literacy level, number of people in households,
employment, access to electricity antiretroviral use
(for HIV-infected women) and alcohol use. At each
visit, participants had a physical examination and
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complete blood counts. This analysis included 161 HIV-
negative and 514 HIV-infected women who completed
socio-demographic and nutritional data at the ﬁfth
semi-annual visit, between July and December 2007.
Measures
Primary outcomes
Food insufﬁciency was assessed using a single question,
‘Do you have enough food?’ with the women answering
‘usually not’ or ‘never’ classiﬁed as food insecure.
17 18
Household dietary diversity was assessed using a modi-
ﬁed Household Dietary Diversity Score (HDDS), a vali-
dated tool measuring household food consumption over
the previous 24 h, giving one point each for having eaten
an item in the following food class (total six points
possible: class 1, cereals and roots; class 2, vegetables;
class 3, fruits; class 4, meat protein (including meat,
eggs, ﬁsh); class 5, vegetable protein (including legumes,
beans, nuts); class, 6 extras (including oil, fat, sugar,
condiments)). Determination of ‘low household dietary
diversity’ is described in detail elsewhere
19; brieﬂy, the
sample was divided into income terciles with the mean
HDDS for the lowest income tercile (#3) representing
low dietary diversity.
15 19 20 BMI was calculated using
weight divided by height-squared (kg/m
2). Standing
height and weight were measured while the participant
was wearing light clothing and no shoes. BMI was
dichotomised to #18.5 or >18.5 for the analysis.
Independent variables
Income categories were deﬁned as (1) >35000 Rwandan
Francs ($US58), (2) 35000e10000 and (3) <10000
RWF ($US17) per month. Alcohol use was queried as
“Since the last visit, have you had a drink containing
alcohol?” and was dichotomised to yes versus no. Literacy
was deﬁned as ‘can read all, most, some or none’, and
for the analysis was dichotomised to none versus some,
most or all. For HIV-infected women, antiretroviral use
at the current visit was assessed by self-report with veri-
ﬁcation of date of initiation and regimen by tracking
cards provided to the participants by providers in the
national treatment programme. CD4 counts were
determined with an FACS counter (Becton and Dick-
inson, Immunocytometry Systems, San Jose, California,
USA).
Data analysis
Categorical variables were compared using contingency
tables with p values from exact tests. Univariate logistic
regression identiﬁed factors associated with food
insecurity, low dietary diversity and BMI. Multivariate
logistic regression models were built using backward
selection with a p value of 0.05 to stay in the model.
Wilcoxon rank sum and kappa statistics assessed rela-
tionships between food insecurity, BMI and dietary
diversity as continuous variables and as dichotomous
variables (food insecurity ¼ answering ‘usually not’ or
‘never’ to ‘Do you have enough food’, HDDS#3,
BMI#18.5), respectively. Statistical analysis was
performed using SAS (V.9.1.3; SAS Institute Inc.).
RESULTS
Overall food insufﬁciency (top row of table 1) was highly
prevalent with 46% of women reporting ‘usually not’ or
‘never’ to ‘Do you have enough food?’ and another 45%
reporting they ‘sometimes’ did not have enough food
(data not shown). Almost half the population reported
low dietary diversity (HDDS <3) and 15% of women met
WHO criteria for malnutrition with a BMI<18.5 kg/m
2.
The percentage of women reporting food insufﬁciency
and low dietary diversity did not differ between HIV-
negative and HIV-infected women. The percentage of
women with BMI<18.5 was higher in HIV-negative
women as compared with HIV-infected women with
CD4>350, 200e350, <200 (24%, vs 11.8%, 12.4%,
14.9%, p¼0.004), respectively.
Table 1 further breaks the food insecurity outcomes
down by participant characteristics. As the numbers in
column 2 of table 1 show, the prevalence of poverty was
high; 36% reported a monthly income of <10K
Rwandan Francs (FRW) ($US17). Illiteracy was present
in one-quarter of the population and another 40%
reported only reading ‘some’. Alcohol use was rare with
13% reporting they had at least one drink in the last
month. Of the HIV-infected women, almost one-third
had CD4 counts over 350 and almost 70% of participants
took ART at this visit.
Structural factors associated with food insufﬁciency
included (table 1) low income, with 52.5% of those with
monthly income <10000 FRW, 43.6% of those with
monthly income 10000e35000 FRW and 31.8% of those
with >35000 FRW reporting food insufﬁciency, p¼0.001;
illiteracy with 57.1% of those who can not read, 44.5% of
those with some literacy and 34.6% of those fully literate
reporting food insufﬁciency, p¼0.0002, and alcohol use
with 68.9% of users vs 41.2% of non-users reporting food
insufﬁciency, p<0.0001.
Structural factors associated with low dietary diversity
(HDDS<3) were; low income with 58.9% of those with
monthly income <10000 FRW, 39.3% with income
10000e35000 FRW, and 16.2% of those with income
>35000 FRW having low dietary diversity, p<0.0001;
illiteracy with 55.2%, 44.4% and 31.6% of those with
none, some and complete literacy having low dietary
diversity, p<0.0001.
Only HIV status had statistically signiﬁcant associations
with BMI. Surprisingly, the association was in the oppo-
site direction expected with 24.2% of HIV-negative
women compared with 11.8%e14.9% of HIV-positive
women of all CD4 levels having BMI <18.5, p¼0.004.
The univariate logistic regression models of table 2
ﬁnd the same unadjusted associations of structural
factors with outcomes just described for table 1, here we
discuss the multivariate modes. In the ﬁnal stepwise
multivariate model (table 2), food insufﬁciency was
independently associated with low income (adjusted
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Food insufﬁciency, low dietary diversity and BMI in HIV-positive and HIV-negative Rwandan womenodds ratio (aOR) 2.14, 95% CI 1.30 to 3.52 for >35000
FRW vs <10000 FRW) and illiteracy (aOR¼2.00, 95% CI
1.31 to 3.04) (table 2). Alcohol use (none vs any use) was
strongly independently associated with being food
insufﬁcient (aOR¼3.23, 95% CI 1.99 to 5.24). Factors
independently associated with low dietary diversity
(HDDS <3.0) included low monthly income (aOR¼6.51,
95% CI 3.36 to 11.57 for income <10000 vs >35000
FRW and aOR¼3.07, 95% CI 1.76 to 5.37 for
income10000 to 35000 FRW vs >35000 FRW) and illit-
eracy (aOR¼2.10, 95% CI 1.37 to 3.23). As in table 1,
HIV status had the only independent association with
HIV-positive women of all CD4 levels being less likely to
have low BMI.
When analysed as continuous variables, no signiﬁcant
correlations were found between self-reported food
insufﬁciency and BMI (r¼ 0.05, p¼0.29). A statistically
signiﬁcant but weak correlation was found between
dietary diversity and BMI, r¼0.09, p¼0.03, and food
insufﬁciency and dietary diversity, r¼0.14, p<0.001.
When analysed as dichotomous variables, no signiﬁcant
correlations were found between food insufﬁciency and
BMI, kappa (K) ¼0.02, dietary diversity and BMI,
K¼0.02, or food insufﬁciency and dietary diversity,
K¼0.12.
DISCUSSION
While HIV-uninfected and HIV-infected Rwandan
women experienced high rates of food insufﬁciency
(46%) and low dietary diversity (43%), only 15% of the
women had low BMI. HIV status did not confer differ-
ences except in BMI, where the opposite of what was
expected was seen, a higher proportion of HIV-uninfected
women had BMI <18.5. Furthermore, neither food
insufﬁciency nor lack of dietary diversity was associated
with BMI, suggesting that low BMI in these women was
not resulting from food insufﬁciency alone. Structural
factors including low income and illiteracy were associ-
ated with food insufﬁciency, and behavioural factors,
such as alcohol use, were associated with low dietary
diversity. Our ﬁndings highlight three important aspects
useful in the relationship between food insufﬁciency,
dietary diversity and BMI in vulnerable populations.
First, few women had low BMI (15%), while almost
half were either food insufﬁcient or had low dietary
diversity. A higher percentage of HIV-uninfected women
had BMI <18.5 as compared with HIV-infected women.
This is likely explained by food supplementation
programmes provided by community organisations that
are available exclusively to the HIV-infected women.
These programmes provide additional supply of the
staple foods, which may provide enough calories to
prevent malnutrition but do not add to dietary diversity
or change the perception of not having enough food.
Additionally, BMI was not correlated with self-reported
food insufﬁciency or dietary diversity. BMI is often
measured in clinical settings and used to monitor
people’s nutritional status. Because of the known health
effects of food insufﬁciency and low dietary diversity,
separate from BMI,
6 71 4and the lack of correlation
between the three outcomes, our results support that
BMI should not be considered as a sole marker for food
insufﬁciency in HIV-uninfected or HIV-infected women.
The weak association between self-reported food insuf-
ﬁciency and dietary diversity may reﬂect an inexpensive,
abundant single food group, such as potatoes or cassava
root, common in Rwanda, that provide a sufﬁcient yet
minimally diverse diet. Body weight may be maintainable
on a low nutrient density starchy diet that includes
suboptimal protein and micronutrient consumption.
Additionally, if that single food group is cassava, it
provides a much lower protein and micronutrient source
than potato, yams or rice.
Second, women who had incomes of $US17/month
(equal to 10000 RWF/month) were more likely to be
food insecure when compared with women whose
incomes were $US60 monthly (equal to 35000 RWF/
month). The World Bank deﬁnes extreme poverty as
$US1.25/day ($US37/month) and moderate poverty at
$US2/day ($US60/month): signiﬁcant differences exist
in health outcomes for these two groups.
21 This high-
lights a potentially important target for both ministries
of health and international aid organisations and is
consistent with the Millennium Development Goals to
eradicate poverty.
22 HIV-negative and HIV-infected
women whose income is 1.25/day may beneﬁt from
income supplementation programmes to help prevent
food insufﬁciency and therefore the adverse health
effects of food insufﬁciency and low dietary diversity.
23
Alternatively, poverty reduction strategies, or job skills
training programmes, may be beneﬁcial public health
interventions for these women.
24e26
Alcohol use has known adverse health effects and is
a known risk factor for HIV transmission.
17 Less is known
about the relationship with alcohol use and food insuf-
ﬁciency. Alcohol can be used as a marker for disposable
income, similar to other luxury items.
27 In our analysis,
alcohol use was rare with only 13% of the women stating
that they had at least one drink in the last month. This
shows that casual alcohol drinking is not the social norm
in this population of Rwandan women as compared with
other nearby countries, such as Uganda, where drinking
is considered a socially acceptable activity. The Ugandan
Health and Demographic survey found up to one-
quarter of women reporting drinking in the last month
and 18% stated that they drank alcohol daily.
28 29
Alcohol use was associated with higher rates of food
insufﬁciency, even when controlled for by income,
suggesting it reﬂected diversion of disposable income
from food to alcohol, not just a reﬂection that more
money is available for alcohol purchase. Data on alcohol
misuse in Rwandan women are limited, with an estimated
national pure alcohol use of 4.3 l per capita.
30 Our data
further support the use of alcohol as an important point
of intervention to help prevent the adverse health effects
of food insufﬁciency and low dietary diversity.
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Food insufﬁciency, low dietary diversity and BMI in HIV-positive and HIV-negative Rwandan womenLastly, we found that illiteracy was independently
associated with greater food insufﬁciency and low dietary
diversity. This may be because low literacy is an impor-
tant aspect of ‘income-generating capacity’, which is
critical to ability to obtain relevant dietary diversity and
food security. Gender differences in educational and
literacy attainment in Rwanda may lead to men
procuring non-farm jobs with increased income poten-
tial which may increase the numbers of women left to
manage the family agricultural plots.
31 Further studies
need to be done to determine if literacy programmes
would beneﬁt the level of food security and health status
of both HIV-negative and HIV-infected women.
Improving land reform laws in Rwanda that strengthen
women’s positions to own and farm their own land, and
empower them with alternative farming techniques, may
increase their food security in both urban and rural
areas and therefore improve their health.
32e34
Limitations of our study include its cross-sectional
nature, which does not allow us to infer causality. Our
measurement of food insufﬁciency is solely by self-
report. The question, ‘Do you have enough food?’ does
not address the quantity or quality of food or the anxiety
surrounding food procurement, although this question
has been used in other food insufﬁciency analyses in
Sub-Saharan Africa.
17 There was no explicit statement
that this question would not alter a participant’s subse-
quent eligibility for food aid, which may have introduced
response bias. More complete information may be
obtained with a different measurement tool, which
would address food insecurity (insufﬁciency quantity,
quality or anxiety in procuring food), in addition to food
insufﬁciency (not enough food).
18 20 A longitudinal
study design would be helpful to determine the speciﬁc
health effects of food insecurity on women over time.
Our ﬁndings suggest that extreme poverty, illiteracy
and alcohol use are associated with food insufﬁciency
among HIV-infected and HIV-negative women in
Rwanda. Addressing these structural factors through
income-generating activities, literacy programmes,
substance abuse treatment, or perhaps most importantly,
renewed health through improved access to ART for
HIV-infected women, may help reduce the highly prev-
alent problem of food insufﬁciency in the Sub-Saharan
region.
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